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(57) ABSTRACT

To provide a thermosensitive recording label, which contains
a base, an under layer, a thermosensitive coloring layer, a
barrier layer, a release layer, and an adhesive layer, where the
under layer, the thermosensitive coloring layer, the barrier
layer, and the release layer are disposed on one surface of the
base in this order, and the adhesive layer is disposed on the
other surface of the base, wherein the release layer contains a
cured product of a heat curing silicone resin, and the barrier
layer contains a cured product of a water-soluble resin with a
crosslinking agent, and inorganic filler.

11 Claims, No Drawings
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THERMOSENSITIVE RECORDING LABEL

TECHNICAL FIELD

The present invention relates to a thermosensitive record-
ing label without release paper (liner-less thermosensitive
recording label) used with a printer equipped with a thermal
heat, which colors a thermosensitive coloring layer with heat
in the so fields of printers for computer output or calculator,
recorders for medical instrumentation, low-speed or high
speed facsimiles, automatic ticket, machines, thermosensi-
tive copying, handy terminals, and labels such as POS system.

BACKGROUND ART

Use of an adhesive sheet for a label having a thermosensi-
tive coloring layer has been increased in recent years as for
labels for displaying prices, labels for displaying product
information (barcode), labels for displaying quality of prod-
ucts, labels for displaying measurements, labels for advertis-
ing (stickers), or the like. As for a recording method thereof,
there are inkjet recording, thermosensitive recording, and
pressure sensitive recording. Conventionally, a typical adhe-
sive sheet for a label, which has a laminate structure where an
adhesive layer and release paper are laminated on an opposite
surface of the sheet to a thermosensitive coloring layer, can be
used also in the rolled state, as the adhesive layer and the
thermosensitive coloring layer are brought into a contact via
the release paper. Moreover, the adhesive sheet for a label is
widely used because it is easily adhered by peeling the release
paper to expose the adhesive layer at the time of adhering.

However, this conventional adhesive sheet for a label
requires peeling the release paper upon use. As itis difficult to
reuse the release paper as peeled, it is disposed in most cases,
which leads to wasting of natural resources.

To solve the aforementioned problem, proposed is a rolled
liner-less thermosensitive recording label, which has a
release layer formed on a surface of the thermosensitive col-
oring layer, and having releasing property against the adhe-
sive layer, and thus can used in the state of a roll without the
release paper.

This liner-less thermosensitive recording label, however,
has the release layer on the surface of the thermosensitive
coloring layer, and therefore the release layer is adhered
(stacked) on a thermal head as printed by means of a printer
equipped with the thermal head, causing a problem that print-
ing cannot be performed adequately. Therefore, there have
been needs for a thermosensitive recording label, with which
printing can be performed adequately, and in which the adhe-
sive layer and the release layer can be appropriately released
from each other.

In order to prevent adhesion between a thermosensitive
recording label and a thermal head, and prevent deposition of
a release layer forming material onto a thermal head, for
example, proposed is heating a release layer forming material
(e.g., an emulsion type silicone resin, zinc stearate emulsion,
and colloidal silica) with a curing catalyst to sufficiently cure
(see PTL 1). In this proposal, however, matching ability of a
resulting label to a thermal head is not necessarily adequate.
Moreover, as the release layer contains zinc stearate, it is
difficult to cure the silicone resin, causing reduction in release
ability of the release layer.

Further, proposed is a thermosensitive recording label, in
which a thermosensitive coloring layer, a protective layer, and
a release layer are laminated, where the protective layer con-
tain a powder having a particle diameter 0o 0.01 um to 10 pum
to form irregular shapes on a surface of the release layer, to
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thereby prevent adhesion between a thermal head and the
label (see PTL 2). In this proposal, however, a resin for
forming the release layer is a UV curing silicone resin, which
causes volume shrinkage during UV curing, resulting in low
binding ability between the release layer and the protective
layer.

Moreover, proposed is to improve curing ability of a
release layer formed by curing polysiloxane containing an
epoxy group, polysiloxane containing a 1-propenyl ether
group, and polysiloxane containing a vinyl ether group by
applying radioactive rays, and to improve close contactness
between a protective layer and the release layer, using the
protective layer containing a water-soluble resin and colloidal
silica as main components (see PTL 3). However, this pro-
posal cannot prevent volume shrinkage during UV curing,
which leads to a problem that anti sticking property of the
release layer is low.

Moreover, proposed is a thermosensitive recording adhe-
sive label containing a release layer formed by curing a mate-
rial containing a solventless radioactive ray curing organop-
olysiloxane compound and organohydrogen polysiloxane by
application of radioactive rays (see PTL 4). In this proposal,
however, the solventless silicone resin has a small molecular
weight compared to that of a solvent silicone resin and tends
to result insufficient curing bonds. A crosslink reaction pro-
ceeds quickly in radioactive ray curing to form a cured coat-
ing film within a few seconds. Therefore, =SiH groups tend
to remain and crosslink density becomes low, which may
cause sticking.

Proposed is release paper having a release layer formed by
heat curing a solventless silicone resin (see PTL 5). This
proposal, however, does not aim to prevent sticking, and to
improve binding ability with a barrier layer.

Further, proposed is a thermosensitive recording material,
which contains a base, a thermosensitive coloring layer con-
taining a leuco dye and a developing agent, a first protective
layer containing a water-soluble resin and a crosslinking
agent, and a second protective layer containing a water-
soluble resin, a crosslinking agent, and a pigment, where the
thermosensitive coloring layer, the first protective layer, and
the second protective layer are laminated on the base in this
order, and the second protective layer contains diacetone-
modified polyvinyl alcohol, and an acrylic resin or maleic
copolymer (see PTL 6). In this proposal, however, the pro-
tective layer is the outer surface layer, and it does not teach
about compatibility with a release layer formed of a solvent-
less silicone resin provided the outermost surface.

As mentioned above, the liner-less thermosensitive record-
ing labels described in the conventional art have problems
that a sufficient binding strength between the protective layer
and the release layer cannot be obtained, and both anti-stick-
ing property and sufficient release ability of the release layer
to the adhesive layer cannot be obtained at the same time.
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SUMMARY OF INVENTION

Technical Problem

The present invention aims to provide a thermosensitive
recording label, which is releasable without causing blocking
between a release layer provided on a surface of the ther-
mosensitive recording label and an adhesive layer provided
on a back surface thereof, when it is mounted in a shape of a
roll without release paper, which prevents sticking between
the thermosensitive recording label and a thermal head, and
prevents sticking of a material for forming the release layer as
printed by a thermal printer, and which does not lower its
coloring sensitivity lowing of which is generally caused by
providing a release layer.

Solution to Problem

As aresult of the diligent researches and studies conducted
by the present inventors to solve the aforementioned prob-
lems, it has been found that a combination of a certain release
layer and a certain barrier layer can solve the aforementioned
problems. Specifically, a thermosensitive recording label
contains: a base; an under layer; a thermosensitive coloring
layer; a harrier layer; a release layer; and an adhesive layer,
where the under layer, the thermosensitive coloring layer, the
barrier layer, and the release layer are disposed on one surface
of'the base in this order, and the adhesive layer is disposed on
the other surface of the base, wherein the release layer con-
tains a cured product of a heat curing silicone resin, and the
barrier layer contains a cured product of a water-soluble resin
with a crosslinking agent, and inorganic filler. With such
thermosensitive recording label, the following insights have
been found. The high curing ability is exhibited during for-
mation of the release layer even when a heat value for heat
curing the heat curing silicone resin is educed, and moreover
the heat curing silicone resin has a small degree of volume
shrinkage. Therefore, binding ability between the release
layer and the barrier layer after heat curing the silicone resin
improves, which lead to improvement in releasability
between the release layer and the binder layer when the ther-
mosensitive recording label is in a form of a roll. As aresult of
the improvement in the binding ability between the release
layer and the barrier layer, moreover, the thermosensitive
recording label improves conveyance properties in high tem-
perature high humidity environments, and anti-sticking prop-
erties in low temperature low humidity environment, as
printed with a thermal head.

The thermosensitive recording label of the present inven-
tion, which is the mean of the aforementioned problems,
includes:

a base;

an under layer;

a thermosensitive coloring layer;

a barrier layer;

a release layer; and

an adhesive layer, where the under layer, the thermosensi-
tive coloring layer, the barrier layer, and the release layer are
disposed on one surface of the base in this order, and the
adhesive layer is disposed on the other surface of the base,

wherein the release layer contains a cured product of a heat
curing silicone resin, and the barrier layer contains a cured
product of a water-soluble resin with a crosslinking agent,
and inorganic filler.
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Advantageous Effects of Invention

The present invention can solve the aforementioned vari-
ous problems in the conventional art, achieve the aforemen-
tioned object, and provide a thermosensitive recording label,
which is releasable without causing blocking between a
release layer provided on a surface of the thermosensitive
recording label and an adhesive layer provided on a back
surface thereof, when it is mounted in a shape of'a roll without
release paper, which prevents sticking between the ther-
mosensitive recording label and a thermal head, and prevents
sticking of a material for forming the release layer as printed
by a thermal printer, and which does not lower its coloring
sensitivity lowing of which is generally caused by providing
a release layer.

DESCRIPTION OF EMBODIMENTS
Thermosensitive Recording Label

The thermosensitive recording label of the present inven-
tion contains a base, an under layer, a thermosensitive color-
ing layer, a barrier layer, a release layer, and an adhesive layer,
where the under layer, the thermosensitive coloring layer, the
barrier layer, and the release layer are disposed in this order
on one surface of the base, and the adhesive layer is disposed
on the other surface of the base. The thermosensitive record-
ing label of the present invention may further contain other
layers, if necessary.
<Release Layer>

The release layer contains a cured product of a heat curing
silicone resin, and may further contain other components, if
necessary.

-Cured Product of Heat Curing Silicone Resin-

The cured product of the heat curing silicone resin can be
appropriately selected without any limitation, but it prefer-
ably contains an addition reaction curable silicone resin and a
crosslinking agent as by-products are not generated after
curing.

---Addition Reaction Curable Silicone Resin---

The addition reaction curable silicone resin can be appro-
priately selected without any limitation, but it is preferably
organosiloxane containing a vinyl group, a mercapto group,
an epoxy group, a methacryl group, a maleimide group, a
methacryl amide group, a thioacryl group, or a hexenyl group
at a side chain of a silicon bond (—Si—) of siloxane, in view
of peel force, safety, hazard, and cost. More preferred is
organopolysiloxane containing a hexenyl group at a side
chain of a silicon bond (—Si—) of siloxane, in view of initial
bonding strength of the adhesive layer and the release layer.
---Crosslinking Agent---

The crosslinking agent can be appropriately selected with-
out any limitation, but it is preferably organohydrogen silox-
ane in view of reactivity to the addition reaction curable
silicone resin. Note that, the organohydrogen polysiloxane is
a compound containing a reactive silicon (=SiH) at least
either at a terminal of a principle chain or at a terminal of side
chain of a molecule thereof.

Especially when the thermosensitive recording label is
formed into a roll, a problem occurs such that bonding
strength between the adhesive layer and the release layer
increases over time.

The cause of the aforementioned problem includes bond-
ing of a reactive silicon (=SiH) remained in the organohy-
drogen polysiloxane due to insufficient crosslink of the
release layer, with a carboxyl group (—COOH) of poly-
acrylic acid or the like contained in the adhesive layer.
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Use of organopolysiloxane having a hexenyl group, which
hardly cause steric hindrance during a crosslink reaction
enables to increase reactivity with the reactive silicone
(=SiH) in organohydrogen polysiloxane, to thereby reduce
the reactive silicone (=SiH) remained.

Typically, a crosslink reaction is induced by irradiation of
radioactive rays, but the addition reaction curable silicone
resin can be subjected to a crosslink reaction by heat applied
during a drying process by adding a catalyst thereto.

Curing performed by UV radiation is difficult to affect
evenly on a silicone resin. When curing is partially insuffi-
cient, initially performance of a resultant may be excellent,
but a resistance at the time of peeling may increase as time
passes. On the other hand, heat curing can be performed
evenly, and stably, and therefore peel force is excellent over
time.

The release layer is appropriately selected depending on
the intended purpose without any limitation, but it is prefer-
ably cured with heat at 90° C. to 110° C. in order to prevent
coloring of a thermosensitive coloring layer, and it preferably
contains a catalyst to sufficiently perform crosslink curing in
the aforementioned temperature range.

The catalyst is appropriately selected depending on the
intended purpose without any limitation, and examples
thereof include organic acid metal salts, 1,3-diketone metal
complex salt, metal alkoxide, and platinum.

Among them, platinum is preferable because it hardly
inhibits a curing reaction.

The organic acid metal salt is appropriately selected
depending on the intended purpose without any limitation,
and examples thereof include dibutyl tin dilaurate, dibutyl tin
maleate, zinc 2-ethylhexanoate.

The 1,3-diketone metal complex salt is appropriately
selected depending on the intended purpose without any limi-
tation, and examples thereof include nickel acetylacetonate,
and zinc acetylacetonate.

The metal alkoxide is appropriately selected depending on
the intended purpose without any limitation, and examples
thereof include titanium tetrabutoxide, and zirconium tet-
rabutoxide.

An amount of the catalyst is appropriately selected depend-
ing on the intended purpose without any limitation, but it is
preferably 2.5 parts by mass to 4 parts by mass, relative to 100
parts by mass of the resin component. When the amount
thereofis smaller than 2.5 parts by mass, the resin may not be
sufficiently cured.
<Barrier Layer>

The barrier layer contains a cured product of a water-
soluble resin with a crosslinking agent, and inorganic filler,
preferably further contains resin particles, and may further
contain other components, if necessary.

The barrier layer has both a function of protecting an
image, and a function of improving bonding strength with the
release layer.

-Water-Soluble Resin-

The water-soluble resin is appropriately selected depend-
ing on the intended purpose without any limitation, provided
that it is a resin dissolved in an amount of 3 g or greater in 100
g of water of 25° C. Examples of the water-soluble resin
include water-soluble polymers, such as polyvinyl alcohol,
starch and derivatives thereof, cellulose derivatives (e.g.,
methoxy cellulose, hydroxyethyl cellulose, and carboxym-
ethyl cellulose), sodium polyacrylate, polyvinyl pyrrolidone,
alkali salt of a styrene-maleic anhydride copolymer, alkali
salt of an isobutylene-maleic anhydride copolymer, polyacryl
amide, gelatine, and casein.
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The weight average molecular weight of the water-soluble
polymer is appropriately selected depending on the intended
purpose without any limitation, provided that it is in the range
ot 5,000 to 300,000, but it is preferably 10,000 to 200,000 in
view of bonding strength.

Among them, the water-soluble resin is preferably a resin
that is hardly dissolved or softened by heat, and has high heat
resistance, in view of preventing the aforementioned problem
associated with sticking. Specifically, preferred is polyvinyl
alcohol containing a reactive carbonyl group, more preferred
are diacetone-modified polyvinyl alcohol and itaconic acid-
modified polyvinyl alcohol, and particularly preferred is ita-
conic acid-modified polyvinyl alcohol.

An amount of the diacetone group in the diacetone-modi-
fied polyvinyl alcohol is appropriately selected depending on
the intended purpose without any limitation, but it is prefer-
ably 0.5 mol % to 20 mol % relative to the entire polymer,
more preferably 2 mol % to 10 mol % in view of water
resistance. When the amount thereof is smaller than 0.5 mol
%, water resistance may be insufficient for practical use.
When the amount thereof is greater than 20 mol %, further
improvement in water resistance may not be expected, and
use in such amount is economically disadvantageous in view
of'its high cost.

The polymerization degree of the diacetone-modified
polyvinyl alcohol is appropriately selected depending on the
intended purpose without any limitation, but it is preferably
300 to 3,000, more preferably 500 to 2,200. Moreover, the
saponification degree of the di acetone-modified polyvinyl
alcohol is preferably 80% or more.

-Crosslinking Agent-

The crosslinking agent is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include a polyvalent amine compound, a polyvalent
aldehyde compound, a dihydrazide compound, a water-
soluble methylol compound, a polyfunctional epoxy com-
pound, polyvalent metal salt, boric acid, and titanium lactate.
These may be used in combination with any other conven-
tional crosslinking agents.

The polyvalent amine compound is appropriately selected
depending on the intended purpose without any limitation,
and examples thereof include ethylene diamine.

The polyvalent aldehyde compound is appropriately
selected depending on the intended purpose without any limi-
tation, and examples thereof include glyoxal, glutar aldehyde,
and dialdehyde.

The dihydrazide compound is appropriately selected
depending on the intended purpose without any limitation,
and examples thereof include adipic acid dihydrazide, and
phthalic acid dihydrazide.

The water-soluble methylol compound is appropriately
selected depending on the intended purpose without any limi-
tation, and examples thereof include urea, melamine, and
phenol.

Examples of a quantitative method of the cured product of
the water-soluble resin with crosslinking agent include HS-
GC/MS, and CP/MAS.

An amount of the cured product of the water-soluble resin
with the crosslinking agent in the barrier layer can be appro-
priately selected without any limitation, but it is preferably
5% by mass to 20% by mass.

-Inorganic Filler-

The inorganic filler is appropriately selected depending on
the intended purpose without any limitation, and examples
thereof include inorganic powder, such as aluminum hydrox-
ide, calcium carbonate, silica, zinc oxide, titanium oxide, zinc
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hydroxide, barium sulfate, clay, talc, thermally surface
treated calcium, thermally surface treated silica, and ther-
mally surface treated kaolin.

Among them, aluminum hydroxide is preferable because it
contributes to provide preferable bonding strength between
the barrier layer and the release layer, and to provide abrasion
resistance to the thermosensitive recording label against a
thermal head, when printing is performed over a long period,
through there is no direct contact between the barrier layer
and the thermal heat.

The average particle diameter of the inorganic filler is
appropriately selected depending on the intended purpose
without any limitation, but it is preferably 0.1 pm to 2 um, in
view of sensitivity of a resulting thermosensitive recording
label.

-Resin Particles-

The resin particles are appropriately selected depending on
the intended purpose without any limitation, but they are
preferably either silicone resin particles, or crosslinked poly-
methyl methacrylate particles.

Use of resin particles in combination with the inorganic
filler leads to further improvement in abrasion resistance,
binding ability with the release layer, and releasability
between the release layer and the adhesive layer.

--Silicone Resin Particles--

Use of silicone resin particles leads to further improvement
in abrasion resistance, binding ability with release layer, and
releasability between the release layer and the adhesive layer.

The silicone resin particles are particles formed by dispers-
ing and curing a silicone resin into fine powder, and include
those composed of spherical particles and those composed of
irregularly-shaped particles, but the silicone resin particles
are preferably spherical particles.

As asilicone resin of the silicone resin particles, a polymer
of a three-dimensional network structure, having a siloxane
bond in its principle chain can be used. As well as those
having a methyl group in its side chain, those having a phenyl
group, a carboxyl group, a vinyl group, a nitrile group, an
alkoxy group, or chloride atom can be widely applied. The
powder of the cured product using the polymer of the three
dimensional network structure, which has a siloxane bond in
its principle chain, is excellent in dispersibility, and heat
resistance, and does not swell or dissolve with an organic
solvent.

An amount of the silicone resin particles in the barrier layer
is appropriately selected depending on the intended purpose
without any limitation, but it is preferably 10 parts by mass to
80 parts by mass, relative to 100 parts by mass of the water-
soluble resin.

--Crosslinked Polymethyl Methacrylate Particles--

The crosslinked polymethyl methacrylate particles are
typically particles formed by bonding a linear polymer of
polymethyl methacrylate in the three-dimensional network
structure as a result of a reaction between methyl methacry-
late, a divinyl compound, and a radical initiator to initiate
radical polymerization. Such crosslink structure gives poly-
methyl methacrylate a high softening point.

An analysis method for the polymethyl methacrylate
includes, for example, 'H-NMR, and *C-NMR.

Examples of an analysis method for the crosslink structure
include those methods used for the polymethyl methacrylate.

The crosslinked polymethyl methacrylate particles can
increase bonding strength between the barrier layer and the
release layer, and prevent a problem that printing cannot be
performed adequately because a releasing material in the
release layer is deposited on a thermal head when printing is
performed by means of a printer having the thermal head.
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The structure of each crosslinked polymethyl methacrylate
particle can be appropriately selected depending on the
intended purpose without any limitation, but it is preferably
porous in view of bonding strength between the release layer
and the barrier layer.

The porosity is appropriately selected depending on the
intended purpose without any limitation, but it is preferably
bulk density of 0.45 g/mL to 1.00 g/mL.

A measurement method of the bulk density includes, for
example, a method in which the crosslinked polymethyl
methacrylate particles to be measured are added to a measur-
ing cylinder to measure a volume and mass thereof, and
(measured mass/measured volume) is calculated to determine
the bulk density.

The volume average particle diameter of the crosslinked
polymethyl methacrylate particles is appropriately selected
depending on the intended purpose without any limitation,
but it is preferably 1.0 um to 8.0 um. When the volume
average particle diameter thereof is smaller than 1.0 pm, an
effect of so preventing sticking during printing using a printer
having a thermal head is lowered. When the volume average
particle diameter thereof is greater than 8.0 um, the degree of
close contact between the thermal head and the thermosensi-
tive coloring layer is lowered to reduce coloring sensitivity.

Examples of the measurement method of the volume aver-
age particle diameter include a method using a laser scatter-
ing/diffraction particle sizer.

An amount of the crosslinked polymethyl methacrylate
particles in the barrier layer is appropriately selected depend-
ing on the intended purpose without any limitation, but it is
preferably 25 parts by mass to 100 parts by mass relative to
100 parts by mass of the water-soluble resin. When the
amount of the crosslinked polymethyl methacrylate particles
is smaller than 25 parts by mass, an effect of the crosslinked
polymethyl methacrylate particles to inhibit sticking may be
insufficient. When the amount thereof is greater than 100
parts by mass, the barrier layer may conceal the thermosen-
sitive coloring layer to thereby lower an effect of preventing
reduction of image density.
<Under Layer>

The under layer is appropriately selected depending on the
intended purpose without any limitation, but it is preferred
that the under layer contain an adhesive resin, and filler, and
may further contain other components, if necessary.

-Binder Resin-

The binder resin is appropriately selected depending on the
intended purpose without any limitation, and examples
thereof include: water-soluble polymers such as a styrene-
butadiene copolymer, polyvinyl alcohol, various modified
polyvinyl alcohol, starch and derivatives thereof, cellulose
derivatives (e.g., hydroxymethyl cellulose, hydroxyethyl cel-
Iulose, carboxymethyl cellulose, methyl cellulose, and ethyl
cellulose), sodium polyacrylate, polyvinyl pyrrolidone, an
acryl amide/acrylic acid ester copolymer, an acryl amide-
acrylic acid ester-methacryl acid terpolymer, an alkali salt of
a styrene-maleic anhydride copolymer, an alkali salt of an
isobutylene-maleic anhydride copolymer, polyacryl amide,
sodium alginate, gelatine, and casein; and emulsion such as
polyvinyl acetate, polyurethane, polyacrylic acid, polyacry-
late, a vinyl chloride-vinyl acetate copolymer, polybutyl
methacrylate, an ethylene-vinyl acetate copolymer. These
may be used independently or in combination.

-Filler-

The filler is appropriately selected without any limitation,
and examples thereof include inorganic filler, and organic
filler.
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--Inorganic Filler--

The inorganic filler is appropriately selected without any
limitation, and examples thereof include those usable in the
barrier layer.

--Organic Filler--

The organic filler is appropriately selected without any
limitation, but it is preferably hollow thermoplastic resin
particles in view of heat retentiveness.

---Hollow Thermoplastic Resin Particles---

The hollow thermoplastic resin particles are appropriately
selected depending on the intended purpose without any limi-
tation, but particles, each of which contains a shell of a ther-
moplastic resin, and encapsulates a gas such as air, are pref-
erable.

The term “hollow” typically means a structure where an
article has a void inside, and is specifically a structure having
at least either a space in which gas such as air can be encap-
sulated, or a hole through which gas such as air can be passed
through all the time.

----Thermoplastic Resin----

The thermoplastic resin is appropriately selected depend-
ing on the intended purpose without any limitation, and
examples thereof include a styrene-acryl resin, a polystyrene
resin, an acrylic resin, a polyethylene resin, a polypropylene
resin, a polyacetal resin, a chlorinated polyether resin, a poly-
vinyl chloride resin, a vinylidene chloride-acrylonitrile
copolymer resin, a phenol-formaldehyde resin, a urea-form-
aldehyde resin, a melamine-formaldehyde resin, a furan
resin, an unsaturated polyester resin, and a crosslinked MMA
resin. These may be used independently or in combination.

Amongthem, a styrene-acryl resin and a copolymer mainly
composed of vinylidene chloride and acrylonitrile are pref-
erable because they can give a high void ratio, and less varia-
tion in the average particle diameter thereof, which are suit-
able for blade coating.

The volume average particle diameter (outer particle diam-
eter) of the hollow thermoplastic resin particles is appropri-
ately selected depending on the intended purpose without any
limitation, but it is preferably 0.2 um to 20 pm, more prefer-
ably 2 um to 5 pm. When the volume average particle diam-
eter is smaller than 0.2 pm, it is technically difficult to make
particles hollow, and therefore the under layer may not exhibit
its function sufficiently. When the volume average particle
diameter thereof is greater than 20 um, smoothness of the
surface after coating and drying may be degraded, and there-
fore the thermosensitive coloring layer may not be coated
evenly. Accordingly, it is preferred that the hollow thermo-
plastic resin particles have uniform particle distribution peak
without variation, as well as having the volume average par-
ticle diameter in the aforementioned range.

A measurement method of the volume average particle
diameter includes, for examples, those methods used for mea-
suring the volume average particle diameter of the
crosslinked polymethyl methacrylate particles.

A void ratio of the hollow thermoplastic resin particles is
appropriately selected depending on the intended purpose
without any limitation, but it is preferably 30% to 95%, more
preferably 80% to 95%, in view of heat retentiveness. When
the void ratio is less than 30%, the thermal insulating prop-
erties of the under layer is insufficient, and therefore heat
energy from a thermal head is released outside of a ther-
mosensitive recording material through base. As a result, an
effect of improving sensitivity of the thermosensitive record-
ing material may be insufficient.

Examples of a measurement method of the void ratio
include a method using a scanning electron microscope
(SEM).

10

20

25

30

35

40

45

50

55

60

65

10

Note that, the void ratio is a ratio between the outer diam-
eter and inner diameter (diameter of a void part) of the hollow
thermoplastic resin particle, and can be represented by the
following equation (1).

Void ratio=(inner diameter of hollow thermoplastic
resin particle/outer diameter of hollow thermo-

plastic resin particle)x100 Equation (1)

An amount of the hollow thermoplastic resin particles in
the under layer is appropriately selected depending on the
intended purpose without any limitation, but it is preferably
1.0 g/m? to 3.0 g/m? in order to maintain sensitivity and
evenness in coating. When the amount of the hollow thermo-
plastic resin particles is less than 1.0 g/m?, sufficient sensi-
tivity may not be attained. When the amount thereof is more
than 3.0 g/m?, bonding strength of the under layer may be
lowered.
<<Bonding Strength>>

The bonding strength between the release layer and the
barrier layer is appropriately selected depending on the
intended purpose without any limitation, but it is preferably
stronger than the bonding strength between the adhesive layer
and the release layer.

Examples of a measuring method of the bonding strength
include a method described in JIS PO0O1.
<Thermosensitive Coloring Layer>

The thermosensitive coloring layer is appropriately
selected depending on the intended purpose without any limi-
tation, but the thermosensitive coloring layer contains a leuco
dye and a developing agent, and may further contain other
components, if necessary.

-Leuco Dye-

The leuco dye can be appropriately selected depending on
the intended purpose without any limitation, and examples
thereof an electron-donating compound that is per se color-
less or pale colored and is a dye precursor, such as triphenyl-
methane phthalide compounds, triallyl methane compounds,
fluoran compounds, phenothiazine compounds, thiofluoran
compounds, xanthen compounds, indophthalyl compounds,
spiropyran ~ compounds,  azaphthalide  compounds,
chromenopyrazole compounds, methine compounds,
rhodamine aniline lactum compounds, rhodamine lactum
compounds, quinazoline compounds, diazaxanthen com-
pounds, and bislactone compounds. These may be used inde-
pendently or in combination.

In view of coloring properties, and quality of an image, in
terms of fading in an imaging part due to moisture, heat, and
light, and background fogging in a background part, preferred
as the leuco dye are 2-anilino-3-methyl-6-diethylaminofluo-
ran, 2-anilino-3-methyl-6-(di-n-butylamino)fluoran,
2-anilino-3-methyl-6-(di-n-pentylamino)fluoran, 2-anilino-
3-methyl-6-(N-n-propyl-N-methylamino)fluoran, 2-anilino-
3-methyl-6-(N-isopropyl-N-methylamino)fluoran,
2-anilino-3-methyl-6-(N-isobutyl-N-methylamino)fluoran,

2-anilino-3-methyl-6-(N-n-amyl-N-methyl amino)fluoran,
2-anilino-3-methyl-6-(N-sec-butyl-N-ethyl amino)fluoran,
2-anilino-3-methyl-6-(N-n-amyl-N-ethyl amino)fluoran,
2-anilino-3-methyl-6-(N-iso-amyl-N-ethyl amino)fluoran,

2-anilino-3-methyl-6-(N-cyclohexyl-N-methyl amino)fluo-
ran, 2-anilino-3-methyl-6-(N-ethyl-p-toluidino)fluoran,
2-anilino-3-methyl-6-(N-methyl-p-toluidino)fluoran, 2-(m-
trichloromethyl anilino)-3-methyl-6-diethyl aminofluoran,
2-(m-trifluoromethyl anilino)-3-methyl-6-diethyl aminof-
luoran, 2-(m-triffuoromethyl anilino)-3-methyl-6-(N-cyclo-
hexyl-N-methyl amino)fluoran, 2-(2,4-dimethyl anilino)-3-
methyl-6-diethyl aminofluoran, 2-(N-ethyl-p-toluidino)-3-
methyl-6-(N-ethyl anilino)fluoran, 2-(N-methyl-p-
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toluidino)-3-methyl-6-(N-propyl-p-toluidino) fluoran,
2-anilino-6-(N-n-hexyl-N-ethyl amino)fluoran, 2-(o-chlo-
ranilino)-6-diethyl aminofluoran, 2-(o-bromoanilino)-6-di-
ethyl aminofluoran, 2-(o-chloranilino)-6-dibutylaminofluo-

ran, 2-(o-fluoroanilino)-6-dibutylaminofluoran,  2-(m-
trifluoromethyl  anilino)-6-diethylaminofluoran,  2-(p-
acetylanilino)-6-(N-n-amyl-N-n-butylamino)fluoran,

2-benzylamino-6-(N-ethyl-p-toluidino)fluoran,  2-benzy-

lamino-6-(N-methyl-2,4-dimethy] anilino)fluoran, 2-benzy-
lamino-6-(N-ethyl-2,4-dimethyl anilino)fluoran, 2-dibenzy-
lamino-6-(N-methyl-p-toluidino)fluoran, 2-dibenzylamino-
6-(N-ethyl-p-toluidino)fluoran, 2-(di-p-methyl
benzylamino)-6-(N-ethyl-p-toluidino)fluoran, 2-(a-phenyl-
ethyl  amino)-6-(N-ethyl-p-toluidino)fluoran,  2-methyl
amino-6-(N-methyl anilino)fluoran, 2-methyl amino-6-(N-
ethyl anilino)fluoran, 2-methyl amino-6-(N-propylanilino)
fluoran, 2-ethyl amino-6-(N-methyl-p-toluidino)fluoran,
2-methyl amino-6-(N-methyl-2.4-dimethyl anilino)fluoran,
2-ethyl amino-6-(N-methyl-2.4-dimethyl anilino)fluoran,
2-dimethyl amino-6-(N-methyl anilino)fluoran, 2-dimethyl
amino-6-(N-ethyl anilino)fluoran, 2-diethyl amino-6-(N-me-
thyl-p-toluidino)fluoran, benzo leuco methylene blue, 2-[3,
6-bis(diethyl amino)]-6-(o-chloranilino)xanthyl benzoic acid
lactam, 2-[3,6-bis(diethyl amino)]-9-(o-chloranilino)xanthyl
benzoic acid lactam, 3,3-bis(p-dimethyl aminophenyl)phtha-
lide, 3,3-bis(p-dimethyl aminophenyl)-6-dimethyl aminoph-
thalide, 3,3-bis(p-dimethyl aminophenyl)-6-diethyl ami-
nophthalide, 3,3-bis(p-dimethyl aminophenyl)-6-
chlorphthalide, 3,3-bis(p-dibutylaminophenyl)phthalide,
3-(2-methoxy-4-dimethyl aminophenyl)-3-(2-hydroxy-4,5-
dichlorphenyl)phthalide, 3-(2-hydroxy-4-dimethyl ami-
nophenyl)-3-(2-methoxy-5-chlorphenyl)phthalide, 3-(2-hy-
droxy-4-dimethoxyaminophenyl)-3-(2-methoxy-5-
chlorphenyl)phthalide, 3-(2-hydroxy-4-dimethyl a
nophenyl)-3-(2-methoxy-5-nitrophenyl)phthalide, 3-(2-hy-
droxy-4-diethyl aminophenyl)-3-(2 methoxy-5-methyl phe-
nyl)phthalide, 3,6-bis(dimethyl amino)fluorenespiro(9,3")-
6'-dimethyl aminophthalide, 6'-chloro-8'-methoxy-
benzoindolino-spiropyran, and  6'-bromo-2'-methoxy-
benzoindolino-spiropyran.

An amount ofthe leuco dye in the thermosensitive coloring
layer is appropriately selected depending on the intended
purpose without any limitation, but it is preferably 5% by
mass to 20% by mass, more preferably 10% by mass to 15%
by mass in view of coloring density
-Developing Agent-

The developing agent is appropriately selected depending
on the intended purpose without any limitation. Since various
electron-donating materials that react with the leuco dye upon
application of heat to color, preferred are bisphenol A, tetra-
bromo bisphenol A, gallic acid, salicylic acid, 3-isopropyl
salicylate, 3-cyclohexyl salicylate, 3,5-di-tert-butyl salicy-
late, 3,5-di-a-methylbenzyl salicylate, 4,4'-isopropylidene-
diphenol, 1,1'-isopropylidenebis(2-chlorophenol), 4,4'-iso-
propylidenebis(2,6-dibromophenol), 4,4'-isopropylidenebis
(2,6-dichlorophenol), 4.4'-isopropylidenebis(2-methyl
phenol), 4,4'-isopropylidenebis(2,6-dimethyl phenol), 4,4'-
isopropylidenebis(2-tert-butylphenol), 4,4'-sec-butylidene
diphenol, 4,4'-cyclohexylidene bisphenol, 4,4'-cyclohexy-
lidene bis(2-methyl phenol), 4-tert-butylphenol, 4-phe-
nylphenol, 4-hydroxy diphenoxide, a-naphthol, f-naphthol,
3,5-xylenol, thymol, methyl-4-hydroxybenzoate, 4-hydroxy-
acetophenone, novolak phenol resin, 2,2'-thiobis(4,6-dichlo-
rophenol), catechol, resorcin, hydroquinone, pyrogallol,
fluoroglycine, fluoroglycine carboxylic acid, 4-tert-octylcat-
echol, 2,2'-methylenebis(4-chlorophenol), 2,2'-methylenebis
(4-methyl-6-tert-butylphenol), 2,2'-dihydroxydiphenyl,
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ethyl p-hydroxy benzoate, propyl p-hydroxy benzoate, butyl
p-hydroxy benzoate, benzyl p-hydroxy benzoate, p-chlo-
robenzyl-p-hydroxy benzoate, o-chlorobenzyl-p-hydroxy
benzoate, p-methyl benzyl-p-hydroxy benzoate, n-octyl-p-
hydroxy benzoate, benzoic acid, zinc salicylate, 1-hydroxy-
2-naphthoic acid, 2-hydroxy-6-naphthoic acid, zinc 2-hy-
droxy-6-naphthoate, 4-hydroxydiphenyl sulfone, 4-hydroxy-
4'-chlorodiphenyl sulfone, bis(4-hydroxyphenyl)sulfide,
2-hydroxy-p-toluic acid, zinc 3,5-di-tert-butylsalicylate, tin
3,5-di-tert-butylsalicylate, tartaric acid, oxalic acid, maleic
acid, citric acid, succinic acid, stearic acid, 4-hydroxyph-
thalic acid, boric acid, thiourea derivatives, 4-hydrox-
ythiophenol derivatives, bis(4-hydroxyphenyl) acetic acid,
ethyl bis(4-hydroxyphenyl)acetate, n-propyl-bis(4-hydrox-
yphenyl)acetate, n-butyl-bis(4-hydroxyphenyl)acetate, phe-
nyl bis(4-hydroxyphenyl)acetate, benzyl bis(4-hydroxyphe-
nyl)acetate, phenethyl bis(4-hydroxyphenyl)acetate, bis(3-
methyl-4-hydroxyphenyl) acetic acid, methyl bis(3-methyl-
4-hydroxyphenyl)acetate, n-propyl-bis(3-methyl-4-
hydroxyphenyl)acetate, 1,7-bis(4-hydroxyphenylthio)-3,5-
dioxaheptane, 1,5-bis(4-hydroxyphenylthio)-3-oxaheptane,
dimethyl 4-hydroxy phthalate, 4-hydroxy-4'-methoxydiphe-
nyl sulfone, 4-hydroxy-4'-ethoxydiphenyl sulfone, 4-hy-
droxy-4'-isopropxydiphenyl sulfone, 4-hydroxy-4'-propxy-
diphenyl sulfone, 4-hydroxy-4'-butoxydiphenyl sulfone,
4-hydroxy-4'-isopropxydiphenyl sulfone, 4-hydroxy-4'-sec-
butoxydiphenyl sulfone, 4-hydroxy-4'-tert-butoxydiphenyl
sulfone, 4-hydroxy-4'-benzyloxydiphenyl sulfone, 4-hy-
droxy-4'-phenoxydiphenyl sulfone, 4-hydroxy-4'-(m-methyl
benzyloxy)diphenyl sulfone, 4-hydroxy-4'-(p-methyl benzy-
loxy)diphenyl sulfone, 4-hydroxy-4'-(o-methyl benzyloxy)
diphenyl sulfone, 4-hydroxy-4'-(p-chlorobenzyloxy)diphe-
nyl sulfone, and 4-hydroxy-4'-oxyallyldiphenyl sulfone.
These may be used independently or in combination.

A mixing ratio between the leuco dye and the developing
agent in the thermosensitive coloring layer is appropriately
selected depending on the intended purpose without any limi-
tation, but is preferably 0.5 parts by mass to 10 parts by mass
of the developing agent relative to 1 part of the leuco dye in
view of coloring density, more preferably 1 part by mass to 5
parts by mass of the developing agent relative to 1 part by
mass of the leuco dye.

-Other Components-

Other components are appropriately selected depending on
the intended purpose without any limitation, and examples
thereof include a binding agent, filler, a thermoplastic mate-
rial, a crosslinking agent, a pigment, a surfactant, a fluores-
cent brightener, and a lubricant. These may be used indepen-
dently or in combination,

--Binding Agent--

The binding agent is appropriately selected depending on
the intended purpose without any limitation, provided that it
improves coating ability of a layer, and binding ability, and
examples thereof include starches, hydroxyethyl cellulose,
methyl cellulose, carboxymethyl cellulose, gelatine, casein,
Arabian gum, polyvinyl alcohol, a salt of a diisobutylene-
maleic anhydride copolymer, a salt of a styrene-maleic anhy-
dride copolymer, a salt of an ethylene-acrylic acid copolymer,
a salt of a styrene-acryl copolymer, and emulsion of a salt of
a styrene-butadiene copolymer.

--Filler--

The filler is appropriately selected depending on the
intended purpose without any limitation, and examples
thereof include inorganic pigments (e.g., calcium carbonate,
aluminum oxide, zinc oxide, titanium dioxide, silica, alumi-
num hydroxide, barium sulfate, talc, kaolin, alumina, and
clay), and organic pigments known in the art.
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Among them, silica, alumina and kaolin, which are acid
pigments, are preferable in view of their water resistance, and
silica is more preferable in view of its coloring density.
--Thermoplastic Material--

The thermoplastic material is appropriately selected
depending on the intended purpose without any limitation,
provided that it is a material dissolved at temperature of 80°
C. or higher, and examples thereof include fatty acid, fatty
acid amide, N-substituted amide, bisfatty acid amide,
hydroxyfatty acid amide, fatty acid metal salts, p-benzyl
biphenyl, terphenyl, triphenyl methane, benzyl p-benzyloxy
benzoate, p-benzyloxy naphthalene, phenyl p-naphthoate,
phenyl 1-hydroxy-2-naphthoate, methyl 1-hydroxy-2-naph-
thoate, diphenylcarbonate, benzyl terephthalate, 1,4-
dimethoxynaphthalene, 1,4-dimethoxynaphthalene, 1,4-
dibenzyloxy naphthalene, 1,2-diphenoxy ethane, 1,2-bis(4-
methyl phenoxyethane), 1,4-diphenoxy-2-butene, 1,2-bis(4-
methoxyphenylthio)ethane, dibenzoylmethane, 1,4-
diphenylthiobutane, 1,4-diphenylthio-2-butene, 1,3-bis(2-
vinyloxyethoxy)benzene, 1,4-bis(2-vinyloxyethoxy)
benzene, p-(2-vinyloxyethoxy)biphenyl, p-aryloxybiphenyl,
dibenzoyloxy methane, dibenzoyloxy propane, dibenzyl dis-
ulfide, 1,1-diphenylethanol, 1,1-diphenylpropanol, p-benzy-
loxybenzyl alcohol, 1,3-phenoxy-2-propanol, N-octadecyl
carbamoyl-p-methoxycarbonylbenzene, N-octadecyl car-
bamoyl benzene, 1,2-bis(4-methoxyphenoxy)propane, 1,5-
bis(4-methoxyphenoxy)-3-oxapentane, dibenzyl oxalate, bis
(4-methylbenzyl) oxalate, and bis(4-chlorobenzyl) oxalate.

The fatty acid is appropriately selected depending on the
intended purpose without any limitation, and examples
thereof include stearic acid, and behenic acid.

The fatty acid amide is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include stearic amide, euracamide, palmitic amide,
and behenic amide.

The N-substituted amide is appropriately selected depend-
ing on the intended purpose without any limitation, and
examples thereof include N-lauryl lauric amide, N-stearyl
stearic acid, and N-oleyl stearic amide.

The bisfatty acid amide is appropriately selected depend-
ing on the intended purpose without any limitation, and
examples thereof include methylene bisstearic amide, ethyl-
ene bisstearic amide, ethylene bislauric amide, ethylene bis-
capric amide, and ethylenebisbehenic amide.

The hydroxyl fatty acid amide is appropriately selected
depending on the intended purpose without any limitation,
and examples thereof include hydroxyl stearic amide, meth-
ylene bishydroxy stearic amide, ethylene bishydroxy stearic
amide, and hexamethylene bishydroxy stearic amide.

The fatty acid metal salt is appropriately selected depend-
ing on the intended purpose without any limitation, and
examples thereof include zinc stearate, aluminum stearate,
calcium stearate, zinc palmitate, and zinc behenate.
--Crosslinking Agent--

The crosslinking agent is appropriately selected depending
on the intended purpose without any limitation. In the case
where the barrier layer contains the aforementioned polyvi-
nyl alcohol containing a reactive carbonyl group, it is easy to
induce a crosslink reaction when N-aminopolyacryl amide is
contained as a crosslinking agent at least either in the barrier
layer, or in the thermosensitive coloring layer, which is pre-
ferred because water resistance can be improved without
adding other crosslinking agents that may inhibit coloring.
--Pigment--

The pigment is appropriately selected depending on the
intended purpose without any limitation, but it is preferably a
white pigment in order to improve contrast of an image.
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---White Pigment---

The white pigment is appropriately selected depending on
the intended purpose without any limitation, and examples
thereof include kaolin, clay, silica, magnesium carbonate, and
calcium carbonate. These may be used independently or in
combination.

--Fluorescent Brightener--

The fluorescent brightener is appropriately selected
depending on the intended purpose without any limitation,
but it is preferably a diaminostilbene-based compound
because such compound has an effect of improving back
ground whiteness, and has stability with a coating liquid of a
barrier layer.

A method for forming the thermosensitive coloring layer is
appropriately selected depending on the intended purpose
without any limitation. For example, the thermosensitive col-
oring layer can be formed by preparing a thermosensitive
coloring layer coating liquid in the following manner, and
applying the thermosensitive coloring layer coating liquid
onto the base. The thermosensitive coloring layer coating
liquid is prepared by crushing and dispersing the leuco dye
and the developing agent together with a binding agent and/or
other components by means of a disperser, such as a ball mill,
attritor, and sand mill, to give dispersed particle diameters of
1 um to 3 um, followed by mixing optionally with filler and
thermoplastic material (a sensitizing agent) dispersion liquids
in a certain formula.

The average thickness of the thermosensitive coloring
layer is appropriately selected depending on the intended
purpose without any limitation, but it is preferably 1 pm to 50
um, more preferably 3 um to 20 um, in view of coloring
density.
<Base>

The base is appropriately selected depending on the
intended purpose without any limitation.

-Shape, Etc., of Base-

A shape of the base is appropriately selected depending on
the intended purpose without any limitation, and examples
thereof include shapes of a plate, a sheet, and a film.

A structure of the base is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include a single layer structure, and a laminate struc-
ture.

A size of the base is appropriately selected depending on
the intended purpose without any limitation, and for example,
the size thereof is appropriately selected depending on a size
of the thermosensitive coloring layer, or the like.

The average thickness of the base is appropriately selected
depending on the intended purpose without any limitation,
but it is preferably 50 um to 2,000 um, more preferably 100
pm to 1,000 um, in view of convenience.

A material of the base is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include an inorganic material, and an organic mate-
rial.

-Inorganic Material-

The inorganic material is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include glass, quartz, silicon oxide, and aluminum
oxide.

-Organic Material-

The organic material is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include paper, and a resin.
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--Paper--

The paper is appropriately selected depending on the
intended purpose without any limitation, and examples
thereof include wood free paper, art paper, coat paper, and
synthetic paper.

Among them, wood free paper and art paper are preferable
in view of the cost.

--Resin--

The resin is appropriately selected depending on the
intended purpose without any limitation, and examples
thereof include a cellulose derivative, polyester, polycarbon-
ate, polystyrene, polymethyl methacrylate, polyethylene, and
polypropylene.

The cellulose derivative is appropriately selected depend-
ing on the intended purpose without any limitation, and
examples thereof include cellulose triacetate.

The polyester is appropriately selected depending on the
intended purpose without any limitation, and examples
thereof include polyethylene terephthalate (PET), and poly-
butylene terephthalate.

The base is preferably subjected to a surface modification,
such as by corona discharging, oxidation reaction (chromic
acid etc.), etching, a treatment for adhesion, and anti-static
treatment, for the purpose of improving adhesion of a coating
layer. Moreover, the paper is preferably colored in white by
adding thereto a white pigment, such as titanium oxide.
<Adhesive Layer>

An adhesive for use in the adhesive layer is appropriately
selected depending on the intended purpose without any limi-
tation, but it is preferably acryl-based emulsion in view of
safety, quality, and cost. In the case of the acryl-based emul-
sion used as the adhesive, a thickener used for adjusting a
fluid viscosity of the adhesive is preferably a similar type of
polyacrylate that will not adversely affect the adhesion prop-
erties of the adhesive.

Since the polyacrylic acid has a small molecular weight
compared with that of the adhesive and tends to move, a
carboxyl group (—COOH), which is a functional group of the
polyacrylic acid, is likely to orientated to an interface of the
adhesive layer, which increases bonding strength by bonding
to the reactive silicon (=SiH), which is remained in the
organohydrogen polysiloxane in the release layer due to
insufficient crosslinking.

Therefore, an amount of the polyacrylic acid contained is
adjusted as small as possible. In view of coating ability,
however, adjustment in viscosity of the adhesive is required.
For this reason, use of an adhesive composed of acryl emul-
sion containing 1.0% by mass to 3.0% by mass of the poly-
acrylic acid is preferable, and the viscosity of the adhesive is
adjusted by adjusting stirring time with the aforementioned
range of the amount of the polyacrylic acid. Use of such
adhesive realizes reduction in variation of the binding
strength between the release layer and the adhesive layer over
time.

The viscosity of the adhesive is appropriately selected
depending on the intended purpose without any limitation,
but it is preferably 15,000 mPa-s+5,000 mPa-s, more prefer-
ably 15,000 mPa-s+3,000 mPa-s in view of coatability. When
the viscosity is lower than 10,000 mPa-s, air bubbles tend to
be included during coating, which tends to leave lines from
coating. When the viscosity is greater than 20,000 mPa-s, a
coating surface becomes uneven, which may adversely affect
adhesion properties.

A coating method of the adhesive is appropriately selected
depending on the intended purpose without any limitation,
and examples thereof include bar coating, roll coating,
comma coating, and gravure coating.
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An amount of the adhesive in the adhesive layer is appro-
priately selected depending on the intended purpose without
any limitation, but it is preferably 10 g/m? to 25 g/m> because
a resulting adhesive layer can stably exhibit adhesion regard-
less ofa surface configuration of a subject to which a resulting
thermosensitive recording label is adhered, and floating of the
label is prevented even when the label is adhered to a subject,
such as a cardboard box. When the amount thereof is smaller
than 10 g/m?, the adhesive cannot over a surface of a card-
board box when a subject has rough surface such as the
cardboard box, and therefore adhesion of the label is
extremely low. When the amount thereof is greater than 25
g/m?, especially in the case where the label is in the form of a
roll, the adhesive may bleed out, and a problem in terms of
cost may occutr.
<Other Layers>

Other layers are appropriately selected depending on the
intended purpose without any limitation, and examples
thereof include an image adjustment layer provided on an
opposite surface (back surface) to a surface of the base where
the thermosensitive coloring layer is provided.

The image adjustment layer may contain other compo-
nents, such as organic filler, and a lubricant.

-Image Adjustment Layer-

The image adjustment layer has a function of protecting an
image of the thermosensitive recording label, and a function
of adjusting contrast of the image.

The image adjustment layer is appropriately selected
depending on the intended purpose without any limitation,
but the image adjustment layer preferably contains a pigment,
and a cured product of a water-soluble resin with a crosslink-
ing agent.

--Pigment--

The pigment is appropriately selected depending on the
intended purpose without any limitation, but it is preferably a
white pigment because of its ability of adjusting contrast of an
image.

---White Pigment---

The white pigment is appropriately selected depending on
the intended purpose without any limitation, and examples
thereof include those usable in the thermosensitive coloring
layer.

--Water-Soluble Resin--

The water-soluble resin is appropriately selected depend-
ing on the intended purpose without any limitation, and
examples thereof include polyvinyl alcohol, starch and
derivatives thereof, a cellulose derivative (e.g., methoxy cel-
Iulose, hydroxyethyl cellulose, carboxymethyl cellulose,
methyl cellulose, and ethyl cellulose, sodium polyacrylate,
polyvinyl pyrrolidone, an acryl amide-acrylic acid ester
copolymer, an acryl amide-acrylic acid ester-methacrylic
acid terpolymer, an alkali salt of a styrene/maleic anhydride
copolymer, an alkali salt of an isobutylene-maleic anhydride
copolymer, polyacryl amide, sodium alginate, gelatine, and
casein. These may be used independently or in combination.
Among them, it is preferred that the water-soluble resin be
used in the state of polymer emulsion in view of easiness in
coating on the image adjustment layer.

---Polymer Emulsion---

The polymer emulsion is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include latex of an acrylic acid ester copolymer, a
styrene-butadiene copolymer, or a styrene-butadiene-acryl-
based copolymer, and emulsion of a vinyl acetate resin, a
vinyl acetate-acrylic acid copolymer, a styrene-acrylic acid
ester copolymer, an acrylic acid ester resin, or a polyurethane
resin. These may be used independently or in combination.
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--Crosslinking Agent--

The crosslinking agent is appropriately selected depending
on the intended purpose without any limitation, and examples
thereof include those usable in the barrier layer.

--Organic Filler--

The organic filler is appropriately selected depending on
the intended purpose without any limitation, and examples
thereof include a silicone resin, a cellulose resin, an epoxy
resin, a nylon resin, a phenol resin, a polyurethane resin, a
urea resin, a melamine resin, a polyester resin, a polycarbon-
ate resin, a styrene-based resin, an acryl-based resin, a poly-
ethylene resin, a formaldehyde-based resin, and a polymethyl
methacrylate resin. These may be used independently or in
combination.

A method for forming the image adjustment layer is appro-
priately selected depending on the intended purpose without
any limitation, but it is preferably a method in which a coating
liquid of an image adjustment layer is applied onto a base by
coating to form the image adjustment layer.

The coating method of the image adjustment layer is
appropriately selected depending on the intended purpose
without any limitation, and examples thereof include spin
coating, dip coating, kneader coating, curtain coating, and
blade coating.

The average thickness of the image adjustment layer is
appropriately selected depending on the intended purpose
without any limitation, but it is preferably 0.1 pm to 10 pm,
more preferably 0.5 pm to 5 pm, in view of coloring sensitiv-
ity.
<Structure of Thermosensitive Recording Label>

A structure of the thermosensitive recording label can be
appropriately selected without any limitation, and examples
thereof include in the form of a roll, a sheet, and a film.
Among them, a roll is particularly preferable in view of con-
venience.

EXAMPLES

The present invention will be more specifically explained
through Examples and Comparative Examples hereinafter,
but these Examples shall not be construed as limiting the
scope of the present invention. Moreover, “part(s)” and “%”
described in each Example respectively represent “part(s) by
mass” and “% by mass” unless otherwise stated.

Example Al
Production of Thermosensitive Recording Label

(1) Preparation of Under Layer Coating Liquid
[Liquid A]

Calcined kaolin 36 parts
Styrene-butadiene copolymer latex 10 parts
(product name: SMARTEX PA-9159,

manufactured by Nippon A & L Inc., solid

concentration: 47.5%)

Water 54 parts

(2) Preparation of Thermosensitive Coloring Layer Coating
Liquid

[Liquid B]
2-anilino-3-methyl-6-(di-n-butylamino)fluoran 20 parts
10% aqueous solution of itaconic acid-modified 20 parts
polyvinyl alcohol (modification rate: 1 mol %)
Water 60 parts
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[Liquid C]
4-hydroxy-4'-isopropxydipheny! sulfone 20 parts
10% aqueous solution of itaconic acid-modified 20 parts
polyvinyl alcohol (modification rate: 1 mol %)
Silica 10 parts
‘Water 50 parts
[Liquid D]

Liquid B and Liquid C each formed of the aforementioned
formulation were each dispersed by means of a sand mill to
have the average particle diameter of 1.0 um or smaller, to
thereby prepare a dye dispersion liquid, Liquid B, and a
developing agent dispersion liquid, Liquid C, respectively.

Subsequently, Liquid B and Liquid C were mixed a ratio
(mass ratio) of 1:7, and the solid concentration of the mixture
was adjusted to 25%, and was stirred, to thereby prepare a
thermosensitive coloring layer coating liquid, Liquid D.

(4) Preparation of Barrier Layer Coating Liquid
[Liquid E-1]

Calcined kaolin 20 parts
10% aqueous solution of itaconic acid-modified 20 parts
polyvinyl alcohol (K POLYMER KIL-318,

manufactured by Kuraray Co., Ltd., modification

rate: 1 mol %)

‘Water 60 parts

The materials of the formulation above were dispersed for
24 hours by means of a sand mill, to thereby prepare Liquid
E-1.

[Liquid F-1]

Liquid E-1 75 parts
10% aqueous solution of deacetone-modified 100 parts
polyvinyl alcohol (DM-17, manufactured by

JAPAN VAM POVAL CO., LTD., modification

rate: 4 mol %)

10% aqueous solution of adipic dihydrazide 10 parts
‘Water 90 parts

The materials of the formulation above were mixed and
stirred to thereby prepare a barrier layer coating liquid, Liquid
F-1.

(5) Preparation of Release Layer Coating Liquid
[Liquid G]

Vinyl group-containing heat curing silicone 100 parts
resin (BY24-468C, manufactured by Dow Corning

Toray Co., Ltd.)

Curing catalyst (SRX212, manufactured by 3.0 parts

Dow Corning Toray Co., Ltd.)

The materials of the formulation above were mixed to
thereby prepare Liquid F.

Onto a surface of base paper (wood free paper having a
basis weight of about 60 g/m?), the under layer coating liquid,
Liquid A, was applied by blade coating to give a dry deposi-
tion amount of 3.0 g/m?, and then was dried, to thereby form
an under layer.

Next, onto the under layer, the thermosensitive coloring
layer coating liquid, Liquid D, and the barrier layer coating
liquid, Liquid F-1 were successively applied and laminated to
give dry deposition amounts of 5.0 g/m? and 1.0 g/m?
respectively, followed by drying to thereby form a thermosen-
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sitive coloring layer, and a barrier layer. Thereafter, calender-
ing was performed to give a surface with Oken-type smooth-
ness of about 2,000 seconds.

Next, the release layer coating liquid, Liquid G, was
applied onto the barrier layer by coating to give a dry mass of
1.0 g/m?, followed by drying at temperature and time period
by which the thermosensitive coloring layer would not color,
by means of a dryer box (dryer EHT-6025, of ETAC), to
thereby cure the release layer. As a result, a thermosensitive
recording material provided with the release layer was
obtained. The curing state of the release layer was determined
as a non-liquid state when touching a release layer with fin-
gers.

(6) Formation of Adhesive Layer

Next, an acrylic adhesive (manufactured by Henkel Japan
Ltd., solid concentration: 54%) was applied onto a surface of
a base opposite to the surface thereof where the release layer
of the thermosensitive recording material had been provided,
to give a dry mass of 20 g/m>. After drying the applied acrylic
adhesive, the resultant was wound into a roll in the manner
that the release layer and the adhesive layer were bonded to
each other, to thereby produce a thermosensitive recording
label of Example Al.

Example A2
Production of Thermosensitive Recording Label

A thermosensitive recording label of Example A2 was
produced in the same manner as in Example A1, provided that
calcined kaolin contained in Liquid A of the under layer
coating liquid was replaced with vinylidene chloride-acry-
lonitrile copolymer particles (molar ratio of vinylidene chlo-
ride/acrylonitrile=6/4), which had a solid content concentra-
tion of 27.5%, the average particle diameter of 3 and a void
ratio of 90%.

Example A3
Production of Thermosensitive Recording Label

A thermosensitive recording label of Example A3 was
produced in the same manner as in Example A2, provided that
the vinyl group—containing heat curing silicone resin
(BY24-468C, manufactured by Dow Corning Toray Co.,
Ltd.) contained in the release layer coating liquid, Liquid G,
was replaced with a hexenyl group-containing heat curing
silicone resin (LTC1056L., manufactured by Dow Corning
Toray Co., Ltd.).

Example A4
Production of Thermosensitive Recording Label

A thermosensitive recording label of Example A4 was
produced in the same manner as in Example A3, provided that
the barrier layer coating liquid, Liquid F-1, was replaced with
Liquid F-2 described below.

[Liquid F-2]

Liquid E-1 75 parts
10% aqueous solution of itaconic acid-modified 100 parts
polyvinyl alcohol (modification rate: 1 mol %)

10% aqueous solution of adipic dihydrazide 10 parts
‘Water 90 parts
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The materials presented above were mixed and stirred to
thereby prepare a barrier layer coating liquid, Liquid F-2.

Example AS

Production of Thermosensitive Recording [abel

A thermosensitive recording label of Example AS was
produced in the same manner as in Example A4, provided that
Liquid E-1 was replaced with Liquid E-2 described below.

[Liquid E-2]

Aluminum hydroxide. 20 parts
10% aqueous solution of itaconic acid-modified 20 parts
polyvinyl alcohol (modification rate: 1 mol %)

10% aqueous solution of 10 parts
polyamide-epichlorohydrin resin

‘Water 60 parts

The materials of the formulation above were dispersed for
24 hours by means of a sand mill to thereby prepare Liquid
E-2.

Example A6

Production of Thermosensitive Recording [abel

A thermosensitive recording label of Example A6 was
produced in the same manner as in Example A5, provided that
the barrier layer coating liquid, Liquid F-2, was replaced with
Liquid F-3 presented below.

[Liquid H]
Spherical silicone resin particles (KMP-590, 30 parts
manufactured by Shin-Etsu Chemical Co., Ltd.,
volume average particle diameter: 2.0 um).
10% aqueous solution of alkyl sulfosuccinate 10 parts
‘Water 60 parts

The materials of the formulation above were stirred with a
stirrer for 1 hour, to thereby prepare Liquid H.

[Liquid F-3]

Liquid E-2 75 parts
Liquid H 5 parts
10% aqueous solution of itaconic acid-modified 100 parts
polyvinyl alcohol (modification rate: 1 mol %)

10% aqueous solution of 10 parts
polyamide-epichlorohydrin resin

‘Water 90 parts

The materials of the formulation above were mixed and
stirred to thereby prepare a barrier layer coating liquid, Liquid
F-3.

Comparative Example Al

Production of Thermosensitive Recording [abel

A thermosensitive recording label of Comparative
Example A1 was produced in the same manner as in Example
Al, provided that the barrier layer coating liquid, Liquid F-1,
was replaced with Liquid F-4 described below.
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[Liquid F-4]

Styrene-butadiene copolymer latex 21 parts
(product name: SMARTEX PA-9159,

manufactured by Nippon A & L Inc., solid

concentration: 47.5%)

Water 79 parts

The materials of the formulation above were mixed and
stirred to thereby prepare a barrier layer coating liquid, Liquid
F-4.

Comparative Example A2

Production of Thermosensitive Recording Label

A thermosensitive recording label of Comparative
Example A2 was produced in the same manner as in Example
Al, provided that the barrier layer coating liquid, Liquid F-1,

22

The materials of the formulation above were mixed and
stirred, to thereby prepare a barrier layer coating liquid, Liq-
uid F-5.

Comparative Example A3

Production of Thermosensitive Recording [abel

A thermosensitive recording label of Comparative
Example A3 was produced in the same manner as in Example
A2, provided that Liquid G was replaced with Liquid G-2,
and a release layer was provided by applying Liquid G-2 to
give a dry mass of 1.0 g/m?, followed by applying ultraviolet
rays twice by means of an ultraviolet ray irradiation device
(device name: TOSURE 2000, model name: KUV-20261-
1X, product of TOSHIBA DENZAI CO., LTD.) in the entire
lighting state (at 10 ampere to 12 ampere measured by an
ammeter) and at an irradiation speed of 5 m/min, to thereby
cure the release layer coating

was replaced with Liquid F-5 described below.
[Liquid F-5]

[Liquid G-2]

25 UV curing silicone resin [a mixed composition 100 parts
10% aqueous solution of itaconic acid-modified 50 parts of 30 part of mercapto group-containing (1.5 mol
polyvinyl alcohol (modification rate: 1 mol %) %) organopolysiloxane and 70 parts of vinyl
10% aqueous solution of 5 parts group-containing (1.5 mol %) organopolysiloxane]
polyamide-epichlorohydrin resin (manufactured by Shin-Etsu Chemical Co., Ltd.)
Water 45 parts Curing catalyst (acetophenone) 3.0 parts
TABLE Al
Barrier layer
Water-soluble Inorganic  Resin Under layer
Release layer resin filler particles Filler
Ex. Al vinyl diacetone- calcined — calcined
group-containing modified kaolin kaolin
heat curing silicone  polyvinyl alcohol
resin
Ex. A2 vinyl diacetone- calcined — vinylidne
group-containing modified kaolin chloride-
heat curing silicone  polyvinyl alcohol acrylonitrile
resin copolymer
Ex. A3 hexenyl diacetone- calcined — vinylidne
group-containing modified kaolin chloride-
heat curing silicone  polyvinyl alcohol acrylonitrile
resin copolymer
Ex. A4  hexenyl itaconic calcined — vinylidne
group-containing acid-modified kaolin chloride-
heat curing silicone  polyvinyl alcohol acrylonitrile
resin copolymer
Ex. A5  hexenyl itaconic aluminum — vinylidne
group-containing acid-modified hydroxide chloride-
heat curing silicone  polyvinyl alcohol acrylonitrile
resin copolymer
Ex. A6  hexenyl itaconic aluminum silicone resin vinylidne
group-containing acid-modified hydroxide particles chloride-
heat curing silicone  polyvinyl alcohol acrylonitrile
resin copolymer
Comp. vinyl styrene- none — calcined
Ex. Al group-containing butadiene kaolin
heat curing silicone  copolymer latex
resin
Comp. vinyl itaconic none — calcined
Ex. A2 group-containing acid-modified kaolin
heat curing silicone  polyvinyl alcohol
resin
Comp. UV curingsilicone  Diacetone- calcined — vinylidne
Ex. A3 resin modified kaolin chloride-
polyvinyl alcohol acrylonitrile

copolymer
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Various properties of thermosensitive recording labels
obtained in the aforementioned manner were each evaluated.
The results are presented in Table A2.
<Peal Property>

Two thermosensitive recording labels in the laminate state
was cut into a size of 4 cmx20 cm, and a pealing property was
evaluated when the upper label and the lower label were
pealed from each other by hand with a pealing angle of 90°.

The evaluation was performed just after the production of
sample (initial stage) and after left to stand for 3 months (Over
time).

[Evaluation Criteria]

A: Pealed easily and without any problem

B: Pealed with some resistance, but without any problem

C: Pealed with some resistance

D: Peeled with significant resistance
<Binding Ability>

The following procedure was carried out on each ther-
mosensitive recording label. About one minute after coating
and heat curing of a release layer before the formation of an
adhesive layer thereon, a surface of the release layer was
strongly rubbed with a finger ten times. A degree of the
release layer peeled was evaluated. The evaluation criteria of
the peel Test of the Release Layer are as Follows.
[Evaluation Criteria]

A: The release layer was not peeled at all.

B: The glossiness of the area where was rubbed was
slightly lowered.

C: Peeling was confirmed at a very small part in the area
where was rubbed.

D: Peeling occurred.
<Evaluation on Sticking in Low Temperature Low Humidity
Environment>

Each thermosensitive recording label and a printer
(Lesprit R-12, manufactured by Saton Inc.) was left to stand
for 1 hour in the low temperature and low humidity environ-
ment of 5° C., 30% RH, to adjust the moisture, followed by
carried out printing. Then, sticking during the printing was
evaluated.

In the case where anti-sticking property is excellent, a
printing pattern is accurately printed. In the case where anti-
sticking property is not excellent, on the other hand, a printing
pattern is not accurately printed because printing is per-
formed and superimposed on the same area of the thermosen-
sitive recording label. The printed image was visually
observed, and the sticking was evaluated based on the follow-
ing criteria. Note that, the sticking was evaluated in the low
temperature environment, because the sticking tends to occur
in the low temperature environment compared to in the mod-
erate to high temperature environment, due to a temperature
difference between the label and a thermal head.

[Ranks of Sticking by Visual Observation (5 Standards)]

A: No sticking occurred.

B: Sticking slightly occurred to the level which was not a
problem in the quality of the image.

C: Sticking occurred to the level which was a problem in
the quality of the image.

D: The level was not conveyed perfectly and sticking
occurred.

E: The level was not conveyed at all.
<Sensitivity Scale Factor>

Each thermosensitive recording label was printed by
means of a thermosensitive print testing device having a thin
film head, manufactured by Panasonic Electronic Device
Inc., under the following conditions, which were a heat pow-
der of 0.45 W/dot, 1-line recording time of 20 msec/L, scan-
ning density of 8x385 dot/mm. The printing was performed

15

20

25

30

35

40

45

55

60

24

with a pulse width of 0.2 msec to 1.2 msec per 0.1 msec. The
print density was measured by Macbeth Densitometer
RD-914, and the pulse width with which the density was 1.0
was calculated.

Taking Comparative Example A1 as a standard, a sensitiv-
ity scale factor was calculated using the following equation.
The greater the value is, more excellent the sensitivity (ther-
mal response) is.

Sensitivity scale factor=(pulse width of Comparative
Example 41)/(pulse width of measured sample)

TABLE A2

Evaluation results

Release
layer Low

Peel force binding temperature  Sensitivity

Initial Overtime ability sticking scale factor
Ex. Al B B C C 1.00
Ex. A2 B B B C 1.05
Ex. A3 A B B C 1.07
Ex. A4 A A B C 1.09
Ex. A5 A A A B 1.09
Ex. A6 A A A A 1.10
Comp. Ex. Al D D D E 1.00
Comp. Ex. A2 C C D D 1.00
Comp. Ex. A3 B D C C 1.00

Examples Al to A6, in each of which the water-soluble
resin of the barrier layer was polyvinyl alcohol containing a
reactive carbonyl group, unlikely had residues of uncured
silicone resin in their release layer, and therefore they had
excellent peel force. In contrary, as Comparative Example A1
used the styrene-butadiene copolymer latex, curing of the
silicone resin in the release layer was inhibited, leaving resi-
dues of the uncured silicone resin, which adhered to the
adhesive. As a result, the peel force was not desirable.

Example B1
Production of Thermosensitive Recording [abel

(1) Preparation of Under Layer Coating Liquid
[Liquid A]

Calcined kaolin (product name: Ultra White 90, 36 parts
manufactured by BASF Corporation)

Styrene-butadiene copolymer latex (product 10 parts
name: SMARTEX PA-9159, manufactured by

Nippon A & L Inc., solid concentration: 47.5%).

‘Water 54 parts

(2) Preparation of Thermosensitive Coloring Layer Coating
Liquid
[Liquid B]

2-anilino-3-methyl-6-(di-n-butylamino)fluoran
10% aqueous solution of itaconic acid-modified
polyvinyl alcohol (modification rate: 1 mol %)
(product name: Kuraray K Polymer KL-318,
manufactured by Kuraray Co., Ltd.)

Water

20 parts
20 parts

60 parts
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[Liquid C]

4-hydroxy-4'-isopropxydipheny! sulfone

10% aqueous solution of itaconic acid-modified
polyvinyl alcohol (modification rate: 1 mol %)
(product name: Kurary K Polymer K1.-318,
manufactured by Kuraray Co., Ltd.).

Silica (product name: MIZUKASIL P-603,
manufactured by MIZUSAWA INDUSTRIAL
CHEMICALS, LTD.)..

Water

20 parts
20 parts

10 parts

50 parts

[Liquid D]

Liquid B and Liquid C each formed of the respective for-
mulation above were each dispersed by means of a sand mill
to give the average particle diameter of 1.0 um or smaller, to
thereby prepare a dye dispersion liquid, Liquid B, and a
developing agent dispersion liquid. Liquid C.

Subsequently, Liquid B and Liquid C were mixed at a ratio
of 1 part/7 parts, and a solid content of the mixture was
adjusted to 25%, followed by stirring, to thereby prepare a
thermosensitive coloring layer coating liquid, Liquid D.

(3) Preparation of Barrier Layer Coating Liquid
[Liquid E-1]

Calcined kaolin (product name: Ultra White 90,
manufactured by BASF Corporation).

10% aqueous solution of itaconic acid-modified
polyvinyl alcohol (modification rate: 1 mol %)
(product name: Kuraray K Polymer KL-318,
manufactured by Kuraray Co., Ltd.)

Water

20 parts

20 parts

60 parts

The materials of the formulation above were dispersed for
24 hours by means of a sand mill, to thereby prepare Liquid
E-1.

[Liquid F-1]

Liquid E-1

Non-porous crosslinked polymethyl
methacrylate particles (product name: GM-0105,
manufactured by GANZ CHEMICAL CO., LTD.)
having the volume average particle diameter of
2.0 pum, and the bulk density of 0.50 g/mL.

10% aqueous solution of diacetone-modified
polyvinyl alcohol (modification rate: 4 mol %)
(product name: DM-17, manufactured by JAPAN
VAM POVAL CO., LTD.)

10% aqueous solution of adipic dihydrazide
Water

75 parts
5 parts

100 parts

10 parts
85 parts

The materials of the formulation above were mixed and
stirred to prepare a barrier layer coating liquid, Liquid F-1.
Note that, the bulk density was determined by adding the
non-porous crosslinked polymethyl methacrylate particles
(product name: PM-030, manufactured by GANZ CHEMI-
CAL CO.,LTD.) having the volume average particle diameter
01'0.3 um into a measuring cylinder (100 mL in volume) up to
10 mL, measuring the mass thereof, and calculating the value
of the measured mass/the measured volume.

(4) Preparation of Release Layer Coating Liquid
[Liquid G]

Vinyl group-containing heat curing silicone 100 parts
resin (product name: BY24-468C, manufactured

by Dow Coming Toray Co., Ltd.)..

Curing catalyst (product name: SRX212, 3.0 parts

manufactured by Dow Corning Toray Co., Ltd.)
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The materials of the formulation above were mixed to
prepare Liquid G.

Onto a surface of base paper (wood free paper having a
basis weight of about 60 g/m?), the under layer coating liquid,
Liquid A, was applied by blade coating to give a dry deposi-
tion amount of 3.0 g/m?, and then was dried, to thereby form
an under layer.

Next, onto the under layer, the thermosensitive coloring
layer coating liquid, Liquid D, and the barrier layer coating
liquid, Liquid F-1 were successively applied and laminated to
give dry deposition amounts of 5.0 g/m?, and 1.0 g/m> respec-
tively, followed by drying to thereby form a thermosensitive
coloring layer, and a barrier layer. Thereafter, calendering
was performed to give a surface with Oken-type smoothness
of'about 2,000 seconds. The curing state of the water-soluble
resin with the crosslinking agent was confirmed by HS-GC/
MS.

Next, the release layer coating liquid, Liquid G, was
applied onto the barrier layer by coating to give a dry mass of
1.0 g/m?, followed by drying at temperature and time period
by which the thermosensitive coloring layer would not color,
by means of a dryer box (dryer EHT-6025, of ETAC), to
thereby cure the release layer. As a result, a thermosensitive
recording material provided with the release layer was
obtained. The curing state of the release layer was determined
as a non-liquid state when touching a release layer with fin-
gers.

(5) Formation of Adhesive Layer

Next, an acrylic adhesive (product name: Olibin
BPW6111A, manufactured by TOYOCHEM CO.,LTD.) was
applied onto a surface of the base opposite to the surface
thereof where the release layer of the thermosensitive record-
ing material had been provided, to give a dry mass of 20 g/m”.
After drying the applied acrylic adhesive, the resultant was
wound into a roll in the manner that the release layer and the
adhesive layer were bonded to each other, to thereby produce
a thermosensitive recording label of Example B1.

Example B2
Production of Thermosensitive Recording [abel

A thermosensitive recording label of Example B2 was
produced in the same manner as in Example B1, provided that
the crosslinked polymethyl methacrylate particles were
replaced with porous crosslinked polymethyl methacrylate
particles (product name: GM-0401S, manufactured by
GANZ CHEMICAL CO., LTD.) having the volume average
particle diameter of 2.0 um, and the bulk density of 0.48
g/mL.

Example B3
Production of Thermosensitive Recording [abel

A thermosensitive recording label of Example B3 was
produced in the same manner as in Example B2, provided that
the calcined kaolin (product name: Ultra White 90, manufac-
tured by BASF Corporation) in Liquid A was replaced with
vinylidene chloride-acrylonitrile copolymer (molar ratio of
vinylidene chloride/acrylonitrile=6/4, solid concentration:
27.5%, volume average particle diameter: 3 pm, void ratio:
90%). Note that, the void ratio was measured by means of a
scanning electron so microscope (product no.: S-3700, manu-
factured by Hitachi, [.td.).
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Example B4

28
[Liquid E-2]

Production of Thermosensitive Recording Label Aluminum hydroxide. 20 parts
5 10% aqueous solution of itaconic acid-modified 20 parts
. . polyvinyl alcohol (modification rate: 1 mol %)
A thermosensitive recording label of Example B4 was (product name: Kuraray K Polymer KL-318,
produced in the same manner as in Example B3, provided that Kuraray Co., Ltd.)
the vinyl group-containing heat curing silicone resin (product 10% aqueous solutionof 10 parts
name: BY24-468C, manufactured by Dow Corning Toray gslsy?;;de'epmhlomhydm resin (product name:
. .. 5 . . -525, manufactured by Japan PMC
Co. Ltd.) in Liquid G was replaced with a heat curing silicone 10 Corporation)
resin(product name: LTC1056L, manufactured by Dow Water 60 parts
Corning Toray Co., Ltd.) containing hexenyl group-contain-
ing organopolysiloxane and organohydrogen polysiloxane. The materials of the formulation above were dispersed for
24 hours by means of a sand mill, to thereby prepare Liquid
15
Example BS E-2.
Example B7
Production of Thermosensitive Recording Label Production of Thermosensitive Recording Iabel
A thermosensitive recording label of Example B5 was 20 A thermosensitive recording label of Example B7 was
produced in the same manner as in Example B4, provided that produced in the same manner as in Example B6, provided that
the barrier layer coating liquid, Liquid F-1, was replaced with the crosslinked polymethyl methacrylate particles were
Liquid F-2 described below. replaced with porous crosslinked polymethyl methacrylate
[Liquid F-2] particles (product name: GM-0405, manufactured by GANZ
q 25 CHEMICAL CO., LTD.) having the volume average particle
diameter of 5.0 um, and the bulk density of 0.50 g/mL.
Liquid E-1 75 parts Comparative Example B1
Porous crosslinked polymethyl methacrylate 5 parts
particles (product name: GM-0105, manufactured : ) :
by GANZ CHEMICAL CO.. LTD.) having the bulk 30 Production of Thermosensitive Recording [abel
density of 0.50 g/mL, and the volume average . . .
patticle diameter of 2.0 um A thermosensitive recording label of Comparative
10% aqueous solution of itaconic acid-modified 100 parts Example B1 was produced in the same manner as in Example
polyvinyl alcohol (modification rate: 1 mol %) B2, provided that Liquid G was replaced with Liquid G-2
(product name: Kuraray K Polymer KL-318, described below, and a release layer was formed by applying
manufactured by Kuraray Co., Ltd.). 35 Liguid G-2 t . d £1.0 o/m2. foll db
10% aqueous solution of adipic dihydrazide 10 parts lqul, -+ 10 .glve a dry .mass ol 1.U gim-, 1o Qwe Y
Water 90 parts applying ultraviolet rays twice by means of an ultraviolet ray
irradiation device (device name: TOSURE 2000, model
name: KUV-20261-1X, product of TOSHIBA DENZAICO.,
The materials of the formulation above were mixed and LTD.) in the entire lighting state (at 10 ampere to 12 ampere
stirred to thereby prepare a barrier layer coating liquid, Liquid 40 measured by an ammeter) and at an irradiation speed of 5
F-2. m/min, to thereby cure the release layer coating liquid.
[Liquid G2]
Example B6
45 UV curing silicone resin [mixed composition of 100 parts
. . . 30 parts of a mercapto group-containing (1.5 mol
Production of Thermosensitive Recording Label %) organopolysiloxane and 70 parts of a vinyl
group-containing (1.5 mol %) organopolysiloxane]
. . (manufactured by Shin-Etsu Chemical Co., Ltd.)
A thermosensitive recording label of Example B6 was Curing catalyst 3.0 parts
produced in the same manner as in Example BS, provided that
Liquid E-1 was replaced with Liquid E-2 described below.
TABLE B1
Barrier layer
Crosslinked
polymethyl
Main methacrylate
component of particles Under layer
water- Inorganic Particle Void
Release layer  soluble resin filler size (um) Shape  Filler ratio
Ex. Bl  vinyl group diacetone- calcined 2.0 non- calcined 0%
containing modified kaolin porous  kaolin
heat curing polyvinyl
silicone resin  alcohol
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TABLE B1-continued

30

Barrier layer

Crosslinked
polymethy!
Main methacrylate
component of particles Under layer
water- Inorganic Particle Void
Release layer  soluble resin filler size (um) Shape  Filler ratio
Ex. B2 vinyl group diacetone- calcined 2.0 porous  calcined 0%
containing modified kaolin kaolin
heat curing polyvinyl
silicone resin  alcohol
Ex. B3  vinyl group diacetone- calcined 2.0 porous  vinylidene 90%
containing modified kaolin chloride-acryl
heat curing polyvinyl nitrile
silicone resin  alcohol copolymer
Ex. B4 hexenyl group diacetone-modified calcined 2.0 porous  vinylidene 90%
containing polyvinyl kaolin chloride-acryl
heat curing alcohol nitrile
silicone resin copolymer
Ex. B5 hexenyl group itaconic calcined 2.0 porous  vinylidene 90%
containing acid-modified kaolin chloride-acryl
heat curing polyvinyl nitrile
silicone resin  alcohol copolymer
Ex. B6 hexenyl group itaconic Aluminum 2.0 porous  vinylidene 90%
containing acid-modified hydroxide chloride-acryl
heat curing polyvinyl nitrile
silicone resin  alcohol copolymer
Ex. B7 hexenyl group itaconic Aluminum 5.0 porous  vinylidene 90%
containing acid-modified hydroxide chloride-amyl
heat curing polyvinyl nitrile
silicone resin  alcohol copolymer
Comp. UV-curing diacetone-modified  calcined 2.0 porous calcined 0%
Ex. Bl siliconeresin  polyvinyl kaolin kaolin
alcohol

The thermosensitive recording labels obtained in the afore-
mentioned manner were evaluated in terms of the various
properties thereof in the same evaluation manner to that for
Examples Al to A6 and Comparative Examples Al to A3. The
results are presented in Table B2.

TABLE B2

Evaluation results

Release
Peel force layer Low
Over binding  temperature sensitivity
Initial time ability sticking scale factor
Ex. Bl B B C B 0.98
Ex. B2 B B B B 0.98
Ex. B3 B B B B 1.05
Ex. B4 A B B B 1.05
Ex. B3 A A B A 1.05
Ex. B6 A A A A 1.05
Ex. B7 A A A A 0.98
Comp. B D C B 0.98
Ex. Bl

The embodiments of the present invention are as follows:
<1> A thermosensitive recording label, comprising:

a base:

an under layer;

a thermosensitive coloring layer;

a barrier layer;

a release layer; and

an adhesive layer, where the under layer, the thermosensi-
tive coloring layer, the barrier layer, and the release layer are
disposed on one surface of the base in this order, and the
adhesive layer is disposed on the other surface of the base,
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wherein the release layer contains a cured product of a heat
curing silicone resin, and the barrier layer contains a cured
product of a water-soluble resin with a crosslinking agent,
and inorganic filler.
<2> The thermosensitive recording label according to <1>,
wherein the heat curing silicone resin contains organopolysi-
loxane containing a hexenyl group, and organohydrogen pol-
ysiloxane.
<3> The thermosensitive recording label according to any of
<1>or <2>, wherein the water-soluble resin is itaconic acid-
modified polyvinyl alcohol.
<4> The thermosensitive recording label according to any
one of <1>to <3>, wherein the inorganic filler is aluminum
hydroxide.
<5> The thermosensitive recording label according to any
one of <1> to <4>, wherein the barrier layer further contains
resin particles.
<6> The thermosensitive recording label according to <5>,
wherein the resin particles are silicone resin particles,
crosslinked polymethyl methacrylate particles, or both
thereof.
<7> The thermosensitive recording label according to <6>,
wherein the crosslinked polymethyl methacrylate particles
have a volume average particle diameter of 1.0 um to 8.0 um.
<8> The thermosensitive recording label according any of
<6> or <7>, wherein the crosslinked polymethyl methacry-
late particles are porous.
<9> The thermosensitive recording label according to any
one of <1>to <8>, wherein the under layer further contains
hollow thermoplastic resin particles.
<10> The thermosensitive recording label according to any
one of <1> to <9>, wherein a bonding strength between the
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release layer and the barrier layer is stronger than a bonding
strength between the adhesive layer and the release layer.
<11> The thermosensitive recording label according to any
one of <1> to <10>, wherein the thermosensitive recording
label in the form of a roll.

The invention claimed is:
1. A thermosensitive recording label, comprising:
a base;
an under layer;
a thermosensitive coloring layer;
a barrier layer;
a release layer; and
an adhesive layer, where the under layer, the thermosensi-
tive coloring layer, the barrier layer, and the release layer
are disposed on one surface of the base in this order, and
the adhesive layer is disposed on the other surface of the
base,
wherein the release layer contains a cured product of a heat
curing silicone resin, and the barrier layer contains a
cured product of a water-soluble resin with a crosslink-
ing agent, and inorganic filler, and
wherein the heat curing silicone resin contains organopol-
ysiloxane containing a hexenyl group, and organohydro-
gen polysiloxane.
2. The thermosensitive recording label according to claim
1, wherein the inorganic filler is aluminum hydroxide.
3. The thermosensitive recording label according to claim
1, wherein the barrier layer further contains resin particles.
4. The thermosensitive recording label according to claim
3, wherein the resin particles are silicone resin particles,
crosslinked polymethyl methacrylate particles, or both
thereof.
5. The thermosensitive recording label according to claim
4, wherein the crosslinked polymethyl methacrylate particles
have a volume average particle diameter of 1.0 um to 8.0 um.
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6. The thermosensitive recording label according claim 4,
wherein the crosslinked polymethyl methacrylate particles
are porous.

7. The thermosensitive recording label according to claim
1, wherein the under layer further contains hollow thermo-
plastic resin particles.

8. The thermosensitive recording label according to claim
1, wherein a bonding strength between the release layer and
the bather layer is stronger than a bonding strength between
the adhesive layer and the release layer.

9. The thermosensitive recording label according to claim
1, wherein the thermosensitive recording label in the form of
a roll.

10. The thermosensitive recording label according to claim
1, wherein an amount of the cured product of the water-
soluble resin with the crosslinking agent in the barrier layer is
from 5% by mass to 20% by mass.

11. A thermosensitive recording label, comprising:

a base;

an under layer;

a thermosensitive coloring layer;

a barrier layer;

a release layer; and

an adhesive layer, where the under layer, the thermosensi-

tive coloring layer, the barrier layer, and the release layer
are disposed on one surface of the base in this order, and
the adhesive layer is disposed on the other surface of the
base,

wherein the release layer contains a cured product of a heat

curing silicone resin, and the barrier layer contains a
cured product of a water-soluble resin with a crosslink-
ing agent, and inorganic filler,

wherein the water-soluble resin is itaconic acid-modified

polyvinyl alcohol.
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